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ABSTRACT
A study was conducted to determine (1) the relation­
ship between the change in head size of spermatozoa during 
post-thaw incubation at 38°C for 0, 3, and 5-hours and 
fertility, and (2 ) the relationship between the change in 
head size and change in DNA content during post-thaw 
incubation at 38°C for 5-hours.
All correlations between the various head size 
measurements were significant (P <0.01) or (P <0.05). The 
only significant (P<0.01) correlation between head size 
and motility was for initial width with 5-hour motility, 
(r=-.333). Head size measurements did not appear to be 
useful in predicting the fertility of the semen samples 
used since all correlations between head size and fertility 
were small and nonsignificant. No significant correlations 
were found between motility and fertility.
Significant correlations did not exist between 
the various head size measurements and DNA content before 
or after post-thaw incubation. No significant between 
bull differences were found for initial length, initial 
width, 5-hour width, percent initial length and width 
remaining at 5-hours, initial DNA, 5-hour DNA or percent 
initial DNA remaining at 5-hours. No among bull or 
between time differences were found for length, width or
vii
DNA content. Thus, it appeared that post-thaw incubation 
for 5-hours at 38°C did not significantly alter the size 




Artificial insemination of farm animals has expanded 
rapidly in the past thirty years. This expansion has in­
creased the demand for high quality semen from outstanding 
sires. In order to meet this increasing demand, a more 
effective technique is needed to evaluate semen before it is 
used in the field. This need for a test to more accurately 
predict the fertility of semen has been acknowledged for many 
years. Numerous methods have been proposed such as initial 
motility, concentration, fructose, utilization, methylene 
blue reduction time, livability in storage and many others. 
However, no single test has proved to be effective and a 
combination of two or more tests is now used as an aid in 
screening semen samples.
Recently several workers (3,9,14,16,17,23) have de­
vised stress tests which were correlated with fertility.
These stress tests which involve the livability of spermatozoa 
incubated at 38°C for several hours are of special interest, 
since significant correlations with fertility in the area 
of 0.5 have been obtained (9,16,17). Since the incubation 
of spermatozoa increases the metabolic processes, it probably 
affects livability by speeding up the aging process. Until 
now, these stress tests have relied upon motility as the sole 
measure of resistance to incubation (aging process ?).
Roussel et al. (16) found that some samples retained very
little motility after incubation at 38°C yet resulted in 
satisfactory levels of fertility (64.1 percent). This would 
seem to indicate that motility might not be the best measure 
of resistance to the effects of incubation.
The works of Van Dongen and Salisbury (28) indicated 
that the heads of spermatozoa change in size and shape when 
stored at 27°C for two or more days. Salisbury and co-workers
(18) have shown that the aging process at 5°C for 5 days is
accompanied by a 30 percent loss of DNA and a decrease in 
the area of the sperm head. Although the two above reports 
were conducted at 5°C and 27°C for several days, it is 
logical to assume that incubation at 38°C might produce 
similar results in a shorter period of time.
This study was conducted to determine (1) the relation­
ship between the change in the head size of spermatozoa 
during incubation at 38°C for 0, 3, and 5 hours and fer­
tility as estimated by nonreturn rates, and (2 ) the
relationship between the change in head size and change in 
DNA content during storage at 38°C for 5 hours, it was felt 
that these changes might give a better measure of resistance 
to 38°C incubation than motility alone.
II. REVIEW OF LITERATURE
A. STRESS TESTS
During the past few years, various laboratory 
stress tests have been devised in an attempt to predict 
the fertility of bull semen, in most of these studies, 
motility was the sole basis of measurement. It was 
assumed that semen samples which maintained the highest 
motility throughout the stress test should give the best 
fertility when used in the field.
Semen stored in liquid nitrogen was more resistant 
to imposed repeated exposure to ambient temperatures 
(stress) than was semen stored in dry ice-alcohol,
Pickett t?t a_l. (14). Significant positive correlations
(P<0.05) of between 0.46 and 0.58 were obtained between 
stress tests and fertility. A second study showed that 
semen stored in dry ice-alcohol for 2 hours, thawed and 
stored at 5°C for 0, 1, 3, 6 , and 12 hours exhibited 
greater motility than split samples stored in liquid 
nitrogen. However, after 90 and 180 days storage, the 
liquid nitrogen was superior to dry ice-alcohol storage.
The most consistant significant correlations (P<0„05) 
were at 1, 3, and 6 hours post-thaw from dry ice-alcohol 
and at 0, 1, and 3 hours post-thaw from liquid nitrogen 
after 2 hours of storage.
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Stone and co-workers (23) reported a between-bull 
correlation of 0.29 for percent live sperm surviving 0°C 
for 10 minutes and fertility. A multiple coefficient of 
correlation of 0.69 for fertility with spermatozoa 
concentration and the percentage of spermatozoa surviving 
a 0°C cold shock was also reported by these workers.
A study of the relationship of certain laboratory 
measures and fertility of bull semen was made by Kelly 
and Hurst (9). The semen was thawed after freezing, 
incubated at 38°C and motility was determined at hourly 
intervals until all motility ceased. Correlations were 
determined for the relationship between semen fertility 
and different measures of sperm longevity and vigor. 
Significant correlations (P<0.01) were obtained for the 
following: (1 ) sum of motility values for the entire
survival time, (r=-0.536), (2) mean motility values for
survival time, (r=-0.579) and (3) hours survival multiplied 
by mean motility value (r=-0.582).
Roussel and co-workers (16) reported correlation 
coefficients between motility of semen thawed and stored 
at 5° and 38°C for 5 hours and fertility of 0.38 and 0.53 
respectively (p<0.05). However, the correlation of 0.53 
did approach significance at the 5 percent level, in a 
second study, Roussel at a_l. (17) reported a highly 
significant correlation (P<0.01) of 0.505 between 
fertility and stress tests. It was suggested that this
test could be used with greater accuracy if a prediction 
equation was computed for each bull, since differences 
did exist among bulls. In the 112 samples used in this 
trial, there were six samples with a motility value of 
5 percent or less at the end of incubation which gave an 
average fertility of 64.1 percent as compared to the 
overall mean fertility of 73.9 percent.
Branton et aj,. (3) found that the duration of 
motility at 115°P for 30 minutes as a test for semen 
quality and fertility was not reliable since all motility 
ceased in 45 of 100 samples during the incubation period. 
These workers reported that initial motility was not 
significantly correlated with fertility (r=-.047) when all 
samples used contained at least 50 percent progressively 
motile spermatozoa.
B. INFLUENCE OF EXTENDERS
When spermatozoa were stored in 20 percent egg 
yolk-glycerol extenders buffered with .15, .20 and .25 M 
Tris (hydroxymethyl) aminomethane and adjusted with citric 
acid to pH's of 6.50, 6.75 and 7.00, optimum sperm survival 
was found in the .20 M buffered extender with a pH of 6.75, 
Davis and co-workers (5). After 8 days of storage at 
5°C, the motile sperm in this extender averaged 42 percent 
as compared with 35 percent in CUE and 18 percent in a 
citrate yolk-glycerol extender commonly used for freezing
bovine spermatozoa.
Clamohoy and Foote, (4) found the motility of 
spermatozoa stored at 5°C for 8 days in different extenders 
to be as follows: CUE, 26 percent; 50 percent yolk-
citrate, 28 percent; and skim milk, 11 percent.
Using the carbonated Illini Variable Temperature 
extender, Dunn and Foote, (6 ) found the 60-90 day nonreturn 
rate for one-day-old semen to' be 76 percent for 963 first 
services. The number of services and percent nonreturn 
rates for carbonated semen from 1 to 60 days old were 152 
and 69, 161 and 45, 136 and 33, 121 and 26, 126 and 25,
139 and 21, respectively.
VanDemark and Bartlett (25) were able to prolong 
the survival of bovine spermatozoa by using the IVT 
extender.. In semen ampuled with the original IVT diluent, 
sperm motility in split ejaculates from four bulls de­
creased from 71 to 63 percent in 7 days and to 14 percent 
after 20 days at 40°F. With higher levels of glucose, egg 
yolk, and addition of catalase to the diluent, sperm 
motility dropped from 71 to 68 and 43 percent in 7 and 20 
days, respectively. Further improvement in sperm survival 
resulted in higher levels of sodium bicarbonate, in 
storage at 40°F, sperm motility decreased only from 71 
to 63 percent in 20 days. Even at 40 and 60 days, 57 and 
40 percent actively motile sperm were found, respectively.
C. GENITAL TRACT FLUIDS
The viability of spermatozoa in the bovine tract 
fluids was investigated by Olds (11) by drawing a small 
quantity of the test fluid into a capillary tube, following 
this with a small bubble of air and then a short column 
of semen, after which both ends of the tube were plugged 
with vaseline. The filled tubes were incubated at 37°C 
and examined periodically for spermatozoan motility. In 
general, it appeared that spermatozoa could live about 10 
hours in cervical mucus, 6 hours in uterine fluid, 12 
hours in oviduct fluid and 20 hours in follicular fluid. 
Viability in follicular and oviduct fluids was not 
appreciably affected by stage of estrus. However, in 
cervical mucus and uterine fluids, viability appeared to 
be somewhat better during or near estrus. Follicular 
fluid appeared to stimulate both motility and oxygen 
uptake of spermatozoa.
Fluids collected from the genital tracts of 16 
cows slaughtered at known stages of the estrous cycle 
and 18 cows at unknown stages were used by olds and 
VanDemark (12) as diluents for bull semen. On the average, 
under relative anaerobic conditions at 37°C, spermatozoa 
remained motile about 9 hours in cervical mucus, 7 hours 
in uterine fluid, 12 hours in oviduct fluid, and 19 hours 
in follicular fluid. In general, spermatozoa lived 
longer in cervical mucus and uterine fluids from cows in
or near estrus than in the same fluids at other stages 
of the cycle. Oxygen uptake by spermatozoa was highest 
in follicular fluid followed by oviduct fluid, cervical 
mucus and uterine fluid respectively.
D. SURVIVAL IN FEMALE REPRODUCTIVE TRACT
Observations on the survival time of spermatozoa 
in the genital tract of the cow and its relation to 
fertility were made by Laing (10). Five cows and 29 
heifers were inseminated at various times in relation to 
the end of normal estrus or estrus induced by the expression 
of the corpus luteum. Inseminations made earlier than about 
16 hours before the end of heat were not fertile, those 
made within 16 hours of the end of heat were all fertile, 
but after the end of heat the results were irregular. It 
was concluded that the period of sperm survival, under the 
conditions of this experiment, was about 16 hours plus the 
interval between the end of heat and ovulation.
In order to determine how long bull semen main­
tained its fertilizing capacity in the genital tract of 
the cow, Van Deplassche and Paradis (26) inseminated 13 
animals at various times before expected estrus. Three 
of these did not show signs of estrus when expected. Of 
the remaining ten animals, four returned to heat and were 
not pregnant. Of the six animals which became pregnant, 
two were inseminated nearly 51 hours before ovulation and
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one was inseminated about 40 hours before ovulation.,
These results seem to indicate that the sperm of fertile 
bulls, retain their fertilizing capacity in the genital 
tract of females for at least 50 hours*
E . AGE OF SEMEN
Patrick and Herman (13) reported that the per­
centage daily decline in fertility with advancing age of 
liquid semen ranged from 1.4 to 5.9, with a mean of 3.27 
for semen 24 to 96 hours of age. inseminations made with 
semen more than 60 hours old were usually made with 
selected samples which had maintained a relatively high 
percent motility in storage. The fact that 60.4 percent 
of the inseminations made with semen beyond 96 hours of 
age were successful, compared to 73.5 percent at 12 hour, 
indicates that selected samples of semen could be used 
with satisfactory results up to the fourth day.
Willet (29) found that the average nonreturn rate 
with liquid semen used on the day of collection was 68.4 
percent and with semen used on the day following collection, 
it was 62.5 percent. This difference of 5.9 percent was 
highly significant. The average decline from the day of 
collection to the next day with semen diluted 1:100 was
3.6 percent and with semen diluted 1:300 it was 8.2 
percent.
Reporting on 71,098 first services involving 60
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bulls of six dairy breeds during 1951 to 1953, Fryer and 
co-workers (.7) found that the nonreturn rate decreased 
from 5 to 11 percentage units (depending on breed) for 
each additional day of storage with liquid semen.
F. DEOXYRIBONUCLEIC ACID
The chemical determination of DNA in 71 ejaculates 
from 17 bulls by Summerhill and Olds (24) indicated that 
on the average one billion spermatozoa contain about 
2.95 +0.17 mg. of DNA. Data on 34 ejaculates from ten 
bulls revealed an over-all correlation of 0.20 (non­
significant) between DNA level and fertility. On an 
among-bull basis, the correlation was -.35 (nonsignificant), 
and among ejaculates, within bulls it was 0.43 (P<0.05).
A study of ten ejaculates from two bulls indicated a non­
significant decline of 3 percent in DNA content during 
storage of raw semen at room temperature while no decline 
was observed at 5°C. Data from 20 ejaculates indicated 
that both high and low levels of DNA were associated with 
increased percentages of delayed returns to heat after 
service.
Berchtold and Salisbury (2) have determined the 
melting profile of bull spermatozoa DNA isolated from nine 
samples of normal semen from seven bulls. The extraction
_3required 1.0 x 10 spermatozoa and was made by 2- 
mercaptoethanol treatment of washed, defatted spermatozoa
with three tryptic digestions and several purifications 
with Duponol. Extracted DNA fibers from ethanol precipita­
tion were dissolved in 0.15 M  sodium chloride plus 0.015 
M sodium citrate solution. The maximum absorption of 
isolated DNA was 258 mu. The average extinction coefficient 
with respect to phosphorus was 6,200 and the total hyper- 
chromic effect upon head denaturation was 37 percent. The 
melting profile of the DNA samples was determined by 
measuring the spectrometric absorbability at 258 mu with 
slowly increasing temperatures. The sharp transition 
occurred between 80 and 95°C with an average melting point 
of 87°C. Results did not deviate more than 0.5 for 
replicated DNA extraction from the same semen or DNA 
sample. Solvents of lower ionic strength resulted in a 
shift of the transition region towards lower temperatures. 
Denatured DNA samples showed decreased hyperchromicity and 
a steady increase in uv absorption from 25 to 95°C.
The possibility of using a vital stain before 
making Feulgen DNA determinations has been investigated 
by Baker (1) as a method for studying DNA changes in senescing 
sperm cells known to be alive just before fixation. Eosin 
was used as a vital stain since it is decolorized in the 
process of fixation and hydrolysis in preparation for 
Feulgen staining. Bovine sperm cells found to be negative 
to Eosin when subsequently Feulgen stained were consistently 
higher in Feulgen-DNA values than those positive to Eosin.
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However, intensity of Feulgen staining of Eosin-negative 
cells was slightly less than that of other sperm cells 
from the same ejaculate not subjected to the vital staining 
procedure from Feulgen staining. This reduction in Feulgen 
intensity by the vital stain is not believed to be sufficient 
to obscure natural or experimentally induced variability 
in DNA content of the bovine sperm cell.
Salisbury and associates (18) reported that the 
storage of spermatozoa in yolk-citrate at 5°C under 
conditions permitting slow aerobic sperm metabolism for 2 ,
3, 5, and 10 days resulted in a marked decrease in DNA of 
the sperm heads as indicated by the Feulgen reaction and 
microspectroscopy. The decrease in apparent DNA in the 
sperm cells of the five bulls studied parallels the known 
decrease in fertility of spermatozoa and the increase in 
apparent early embryonic mortality resulting from the use 
of similarly aged sperm cells for artificial insemination.
An attempt was made by Salisbury and Lodge (20) 
to determine if the decrease in Feulgen-staining material 
(DNA) in - semen stored at 5°C could be shown by chemical 
analysis. The commonly used acid and alkaline extraction, 
diphenylamine and indole color reaction procedures, as 
well as salmin precipitation and spectrophotometric 
techniques were studied. The. procedure found to be the 
most successful was washing the spermatozoa four times 
with 0.9 percent sodium chloride, alkali digestion of
the washed spermatozoa, determination of DNA after acid
hydrolysis of the indole color reaction and salmin
precipitation followed by acid hydrolysis and spectrophoto-
-9metric readings. The value of 3.38 x 10 mg. of DNA per 
sperm cell obtained from 89 observations on 18 fresh semen 
samples with indole color reaction compares favorably with 
values reported in the literature. There was no decrease
in material reacting with indole during storage for 7 days
o —9at 5 C. The mean value of 4.62 x 10 mg. of DNA per sperm
cell from 101 observations on the same samples found by the
salmin precipitation technique was significantly higher
than that from indole reaction. There was a 13 percent
decrease in salmin-precipitated DNA on storage of the sperm
cells for 7 days at 5°c.
u-
The Feulgen-DNA content of sperm cells from five 
bulls was studied by Salisbury ert al. (19) by means of 
microspectrophotometry after storage at 5°C for 2, 3, 5, 
and 10 days in yolk citrate diluent permitting slow aerobic 
metabolism. A subsample of sperm cells from each bull was 
subjected to the Feulgen technique on each of the storage 
days selected. This study indicated a marked progressive 
decrease in the Feulgen-DNA content of the stored 
spermatozoa. The loss of 30 percent of the initial DNA 
by the end of 5 days storage was highly significant 
(P <0.001). The initial DNA content of the fresh 
spermatozoa did not vary significantly from bull to bull.
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The DNA values for the spermatozoa decreased markedly 
during the first 2 days of storage. There was also a 
marked decrease in the calculated area of the sperm heads 
from the second to the third day of storage. The area in­
creased to the fifth day and was again lower on the tenth 
day. It was suggested that the increase in area on the 
fifth day might have been an artifact. The mean area of 
the sperm heads on the third day was 30.9 u 2 as compared 
with a mean of 34.8 u2 for the samples taken on the day 
of collection. This difference of 11.3 percent of the 
initial value was statistically significant (P 0.01).
G * HEAD SIZE
Van Dongen and Salisbury (28) studied the influence 
of bulls, duration and temperature of storage and their 
interaction on the head size and shape of bovine sperma-
gtozoa. Spermatozoa were suspended to 320 X 10 cells 
/cm3 in an egg yolk-citrate diluent and subsamples were 
stored at 5 and 27°C. Fresh ejaculated spermatozoa and 
those stored for 6 days were projected onto a screen with
gan area amplification of 25 X 10 , and area tracings were 
made from Eosin-Nigrosin unstained spermatozoa heads. In 
addition to area tracings, measurement of total length, 
maximum width, and base width of the sperm heads were 
made. The data showed no statistical significant bull 
differences for total length, base width, maximum width
or area. Storage at 27°C significantly increased the sperm 
head area in contrast to no change at 5°C. The head shape 
changed during storage at both temperatures from an elongated 
to a more rounded form. Size data from a 500- cell distri­
bution within one fresh ejaculate revealed a significant 
skewness from normal for maximum width and approached 
significance for area and length. In general, these data 
do not support the evidence for binomial distribution of 
sperm head size.
Further work by Van Dongen (27) was conducted to 
determine if the change in the shape and/or size of the 
sperm head after incubation could be used to determine 
the physiological age of spermatozoa. It was found that 
most samples stored at 27°C changed the relationship of 
the linear measures such that the cell heads became rounder 
in form. When stored at 5°C, spermatozoa in three of the 
16 samples decreased in area and became elongated in form.
The data concerning these three ejaculates were found to 
be from bulls collected more frequently than was common 
for the experiment. These results suggested the 
possibility of the use of size parameters for estimating 
the physiological age of living spermatozoa.
III. EXPERIMENTAL PROCEDURES
All semen used in this study was collected and 
processed by the routine procedures used at the Louisiana 
State University Dairy Improvement Center (15) and met its 
requirements for quality. Semen was collected by use of 
the artificial vagina, after which it was examined under 
the microscope to determine the percentage of progressively 
motile spermatozoa. After the concentration was determined, 
the semen was partially extended, placed in a beaker of 
80°F water and set in a refrigerator at 40°F to cool.
After cooling, the semen was extended to contain 20-30 
million motile sperm per ml by using glycerated egg yolk- 
citrate extender plus antibiotics. This was accomplished 
by first extending the semen with one-half the final volume 
of non-glycerated egg yolk-citrate after which the remaining 
half of the extender containing 14 percent glyceral was 
added by dripping. The final extender contained 7 percent 
glycerol. An 18-hour equilibration period was allowed 
before freezing in liquid nitrogen vapor in a Linde 640 
refrigerator. After freezing, the semen was stored in 
liquid nitrogen until used.
Semen was delivered to the breeding technicians 
in all parts of Louisiana during the experimental period, 
which extended from November 1966, to March 1967. A
16
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sample for analysis was taken from each of 100 lots of 
semen at the time it was sent to the field to obtain 
fertility data.
Semen samples used in the first part of this study 
were thawed in ice-water and incubated in a water bath at 
38°c. Head size measurements and motility 'estimates were 
made at the end of 0, 3, and 5 hours incubation. Motility 
estimates were made by direct microscopic examination.
Head size measurements were made from 35 mm photomicrograph 
slides projected in a rear screen projector. Maximum 
length and width measurements of unstained or Eosin negative 
sperm heads were made by using tracing paper on the ground 
glass screen of the projector.
The microphotography system used to make the 35 
mm slides consisted of an A O Spencer microstar binocular 
microscope with an intergal illuminator base with a variable 
transformer and equipped with a Minolta microscope adapter 
and a Minolta SR-1 camera. The photomicrographs were made 
using a 97X oil emmersion objective and a 10X eyepiece on 
Kodak Tri-X film with one second exposures. The 135 mm 
film was developed to negatives which were then mounted 
in 2 x 2 slide mounts and projected on a Projectograph 
model 1750 (rear screen projector). The projector produces 
a 15X linear enlargement of the 35 mm format. The micro­
scope lens system used has a magnification factor of 970 
while the Minolta microscope adapter has a magnification
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factor of 0.6. This combination of microscope, adapter 
and projector has an overall linear magnification of 
approximately 8700X. The slides to be photographed were 
prepared using a vital stain consisting of Fast Green and 
Eosin B in a phosphate buffer, and dried on a slide warmer.
in the second part of this study, DNA levels and 
head size measurements were determined on two semen 
samples from each of 15 bulls. After thawing in ice-water, 
the samples were incubated at 38° for 0 and 5 hours after 
which head size was determined as described above. The 
DNA levels at 0 and 5 hours were determined by a modifica­
tion of the Schmidt-Tannahouser procedure (21). Five ml 
of diluted semen was centrifuged for 25 minutes and the 
extender discarded. The cells were twice washed with 15 
ml of 0.9 percent sodium chloride, centrifuged and the 
supernatant discarded. The washed sperm cells were re­
suspended in 5 ml of 3 percent sodium hydroxide and 
incubated for 24 hours at 38°C. Total phosphorus was 
determined by the method of Fiske and Subbarow (8 ) in 2 
ml of the sodium hydroxide solution by treating it with 2 
ml of 5 percent trichloracetic acid, 0.4 ml of 6 normal 
hydrochloric acid and 5 ml of 5 normal sulfuric acid.
The sample was then digested on an electric hot plate 
until no further change was noted. Three drops of 30 
percent hydrogen peroxide was added and heated until the 
solution became clear. Approximately 15 ml of water were
added and the sample boiled momentarily and then 
cooled. Each sample was transferred to a 50 ml volumetric 
flask and brought to volume with distilled water. After 
10 minutes, the sample was read in a Klett Colorimeter 
using a red 660 mu filter. The remaining 3 ml of the 
original sample in sodium hydroxide was treated with 3 
ml of 5 percent trichloracetic acid and 0.6 ml of 6 normal 
hydrochloric acid to precipitate the DNA and centrifuged 
for 5 minutes. A 2 ml aliquote of this supernatant was 
digested with 5 ml of 5 normal sulfuric acid and analyzed 
for phosphorus as described above. The total phosphorus 
from the second step was subtracted from the total 
phosphorus of the first step to give the amount of phosphorus 
precipitated as DNA. DNA was calculated by assuming that 
spermatozoan DNA contained 9.89 percent phosphorus as 
reported by Summerhill and Olds (24). Sperm concentration 
was determined by haemacytometer count at the time of 
analysis.
A. STATISTICAL ANALYSIS
The correlation coefficients in Analysis I and II 
were calculated by the method of Snedecor (22).
The data in Analysis II were analyzed for between 
bull differences by using a completely randomized design 
for the analysis according to Snedecor (22). These data 
were also analyzed as a randomized block design with bulls 
considered as a fixed variable and time as a random variable 
in accordance with Snedecor (22).
IV. RESULTS AND DISCUSSION
ANALYSIS I. CHANGES OCCURRING IN SPERMATOZOAN HEAD 
SIZE AND MOTILITY DURING STORAGE AT 38°C
AND THEIR RELATIONSHIP WITH FERTILITY
This phase of the study was conducted to determine 
if the changes occurring in head size and motility of bovine 
spermatozoa during incubation would be useful in predicting 
the fertility of semen samples. Head size measurements and 
motility estimates were made on 100 semen samples before 
they were sent to the field to obtain fertility data. 
However, due to the failure of technicians, in two of the 
larger service areas to record lot numbers, sufficient 
first services (50 or more) were obtained for only 65 lots 
of semen.
Head size parameters were obtained by averaging 
the measurements taken from four different sperm cells in 
each sample at each time period. Motility estimates were 
made on one ampule of semen from each sample at each time 
period.
A. CHANGES IN LENGTH OF SPERM HEADS DURING INCUBATION 
AT 38°C
The variation in initial length of sperm heads 
appeared to be as great within bulls as it was between 
bulls, initial length ranged from a maximum of 70.0 mm 
to a minimum of 57.3 mm with a mean of 63.09 (+2.76). The
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cells in some samples decreased in length, while others 
increased, and some remained nearly constant during 
incubation for 3 and 5 hours. The means for percent 
initial length remaining at 3 and 5 hours were 99.01 
(+6.06) and 99.91 (+5.61), respectively. This would seem 
to indicate that the average net change was near zero. 
However, it is apparent that there was considerable change 
in some samples, since the range in percent initial length 
remaining at 3 and 5 hours was 112.4 to 78.9 and 113.7 
to 87.3, respectively.
B. CHANGES IN WIDTH OF SPERM HEADS DURING INCUBATION
There was less variation in initial width of sperm 
heads than there was for initial length. Maximum initial 
width was 36.9 mm while the minimum was 29.4 mm, with a 
mean of 33.19 (+1.77). The percent initial width remaining 
at 3 and 5 hours ranged from 110.9 to 85.5 and 114.0 to 
86.9, respectively. The mean was 98.4 (+5.53) at 3 
hours and 98.81 (+5.28) at 5 hours. Thus it appears from 
the means that the average net change in width during 
incubation was very small.
C. CHANGES IN MOTILITY DURING INCUBATION AT 38°C
Initial motility of semen samples used in this trial 
ranged from 45 percent to 25 percent with a mean of 40.8 
(+4.67) percent. Samples from beef bulls averaged 36.4 
percent while those from dairy bulls averaged 41.1 percent.
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The overall means for motility at the end of 3 and 5 hours 
were 25.1 (+9.37) percent and 13.8 (+9.71) percent, 
respectively. The average 3-hour motility of beef bull 
semen was 16.5 percent as compared to 29.1 percent for 
dairy bull semen, while at 5 hours the averages were 6.3 
and 17.3 percent, respectively. This indicates that semen 
from beef bulls had a lower motility at 0, 3, and 5 hours
than semen from dairy bulls.
D. FERTILITY DATA
Fertility of the semen samples used ranged from
88.9 to 52.8 percent for 30-60 day nonreturns and 87.2 to
47.2 percent for 60-90 day nonreturns. The overall means
were 75.57 (+9.20) and 69.50 (+8 .59) percent for 30-60 and 
60-90 day nonreturns. Semen samples from beef bulls 
resulted in an 80.8 percent 30-60 day nonreturn rate and
75.6 percent for 60-90 day nonreturns, while the averages 
for samples from dairy bulls were 73.2 and 66.4 percent, 
respectively. These data are in agreement with a previous 
report from the Louisiana Station (17) indicating that 
beef bulls have a higher level of fertility than dairy 
bulls.
E. CORREI&TIONS WITH INITIAL LENGTH OF SPERM HEADS
From row 1 of Table I, it can be seen that the 
percent initial head length remaining after 3 hours (X3 ) 
and 5 hours (X5 ) was significantly correlated (PcO.Ol)
TABLE I
CORREIATIONS AMONG CHANGES OCCURRING IN BOVINE SPERMATOZOA INCUBATED AT 38°C AND FERTILITY
Characteristics
x2 x3 x4 X 5 ■ x 7 x 8 x 9 X 10 * 1 1
* ** * ** **
initial Length (X-,) .290 -.740 - .310 -.728 -.376 -.055 .064 .038 .046 -.088
1 * ** * ** **
Initial Width (X2) -.295 - .485 -.285 -.683 -.148 -.220 -.333 -.053 -.025
** ** **
Percent Initial Length at 3 Hours (X3).381 .524 .324 .137 .020 .091 - . 1 1 1 -.117
* ** *
Percent Initial Width at 3 Hours (X4 ) .255 .494
**
.270 .095 .216 .047 -.004
Percent initial Length at 5 Hours (X^) .477 .096 -.046 -.049 -.065 -.046
Percent initial Width at 5 Hours (X*-) .217 .127 .184 .032 .008** **
Initial Motility (X7) .707 .572 -.135 -.195/ **
Three Hour Motility (Xg) .837 -.092 -.121
Five Hour Motility (XQ) -.119 -.119**
30-60 Day Nonreturns (X^q ) .935
60-90 Day Nonreturns (X]_i) ■
* Significant at the 5% level of probability. 
** Significant at the 1% level of probability.
Degrees of Freedom ss 63
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with initial head length (X^), (r=-.740 and -.728, respec­
tively) . This negative correlation would indicate that 
the sperm heads with the greatest initial length had the 
smallest percent head length remaining at the end of 3 
and 5 hours incubation.
The correlation (r=.290) of initial length (X-j_) 
with initial width (X2 ) was highly significant (PcO.Ol).
This was expected since the larger sperm heads should be 
both longer and wider than the smaller sperm heads.
The initial length of sperm heads (Xi) was 
negatively correlated (P<0.05) with percent initial width 
remaining at 3 hours (X4 ) (r=-.310). The percent width
remaining at the end of 5 hours incubation (Xg) was 
negatively correlated ( p < 0 .0 1 ) with initial length (X^) , 
(r=-.376). Thus, the greater the initial length, the 
smaller the percent initial width at the end of 3 and 5 hours.
There were no significant correlations for initial 
length (X^) with initial motility (X7 ), 3-hour motility 
(Xg) or 5-hour motility (Xg) since the correlation co­
efficients were: r=.055, .064, and .038, respectively.
From this it would appear that the initial length of 
sperm heads was not associated with any of these measures 
of motility.
The correlations of initial length (X^) with SO­
SO day nonreturns (X1 0 ) and 60-90 day nonreturns (X]^), 
(r=-.046 and -.008, respectively) were not significant.
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Therefore, it would appear that the initial length of 
sperm heads would not have been useful in predicting the 
fertilizing ability of the semen samples used in this 
investigation.
F . CORRELATIONS WITH INITIAL WIDTH OF SPERM HEADS
in row 2 of Table I, it is apparent that a signifi­
cant (P<0.01) negative correlation existed for initial 
width (X2 ) with percent initial length of sperm heads 
remaining at 3 hours (Xg) and 5 hours (Xg), (r=-.295 and
-.285, respectively). This would indicate that the wider 
cells had a smaller percent initial length after 
incubation for 3 and 5 hours than did those cells with 
less initial width.
There was a significant (PcO.Ol) negative corre­
lation for initial width (X2 ) with the percent initial 
width remaining at 3 hours (X4) and 5 hours (Xg),
(r=-.485 and -.683, respectively). Therefore, it appears 
that initial width accounted for approximately 24 per­
cent of the change in percent initial width remaining 
at the end of 5 hours.
No significant correlations were found for initial 
width (X2 ) with initial motility (X7 ), or 3-hour motility 
(Xg) since the correlation coefficients were r=-.148 and 
-.220, respectively. However, there was a significant 
(P<0.01) correlation (r=0.333) for initial width (X2 )
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with 5-hour motility (Xg)= These data point out that there 
was not a significant association between initial width 
and either initial or 3-hour motility. It appears that 
the large initial width of the sperm cells in this study 
accounted for about 10 percent of the change in motility 
at 5 hours, since the correlation was r=-.333.
Row 2 of Table I also shows that there were no 
significant correlations for initial width (X2 ) with 30- 
GO day nonreturns (X2.0 ) or 60-90 day nonreturns (X^^), 
(r=s-.053 and -.025, respectively). From these data, it 
appears that initial width of sperm cells was not associated 
with fertility and could not be used in predicting the 
fertilizing potential of the semen samples used in this 
trial.
G. CORRELATION WITH PERCENT INITIAL SPERM HERD LENGTH 
REMAINING AT 3 HOURS
Significant (P<0.01) correlation coefficients 
of r=.381 and r=.324 (row 3 of Table I) were found for 
percent initial length remaining at 3 hours (X3 ) with 
percent initial width remaining at 3 hours (X4 ) and percent 
initial width remaining at 5 hours (Xg), respectively. 
Therefore, it appears that those cells which had a higher 
percentage of their initial length remaining at 3 hours 
were also the same cells which maintained the highest 
percentage of their initial width at both 3 and 5 hours 
of incubation.
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The percent initial length remaining at 3 hours 
{X3 ) was correlated (P<0.01) with the percent initial 
length remaining at 5 hours (X^), (r=.524). From this 
it is evident that those cells with a smaller percent 
decrease in length during the first 3 hours of incubation 
also decreased less percentage wise during 5 hours of 
incubation.
Correlations for percent initial length remaining 
at 3 hours (X3 ) with initial motility (X7 ), 3-hour 
motility (Xg) and 5-hour motility (Xg) were small 
(r=.137, .020, and .091, respectively) and nonsignificant. 
Therefore, no significant association existed between 
percent initial length remaining at 3 hours and any of 
these measures of motility.
Correlation coefficients of r=-.lll and -.117 
were obtained for percent initial length remaining at 3 
hours (X3 ) with 30-60 day nonreturns (Xiq) • an<  ̂60-90 
day nonreturns (X^) . These correlations were non­
significant and indicated that the percent initial length 
remaining at the end of 3 hours would not serve as a means 
of predicting the fertility of these semen samples.
H. CORRELATIONS WITH THE PERCENT INITIAL WIDTH REMAINING 
AT 2 HOURS
The percent initial width remaining at 3 hours 
(X4 ) was significantly (P<0.01) correlated (row 4, Table 
I) with the percent initial length remaining at the end of
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5 hours (X5 ), (r=-.255). This reveals that in this study 
the cells which retained the highest percent initial 
width at 3 hours also retained the highest percentage
of their initial length.
A significant (P<0.01) correlation coefficient 
of r=.494 was obtained for the percent initial width re­
maining at 3 hours (X4 ) with the percent initial width 
remaining at 5 hours (Xg). From this it appears that those 
cells which showed the lowest percent change in width during 
3 hours incubation also had the lowest percent change in 
width at 5 hours.
The percent initial width remaining at 3 hours 
(X4 ) , was significantly (P<0.05) correlated with initial 
motility (X7 ), (r=.270). Thus the sperm cells with the
highest initial motility would retain a higher percentage
of their initial width after 3 hours incubation. However, 
there was no significant correlation for percent initial 
width remaining at 3 hours (X4 ) and either 3-hour motility 
(X3 ) or 5-hour motility (Xg) , (r=.095 and .216, respectively). 
From this it is apparent that motility at 3 and 5 hours was 
not associated with the percent initial width remaining at 
3 hours.
Nonsignificant correlation coefficients of r=„047 
and -.004 were obtained for percent initial width remaining 
at 3 hours (X4 ) with 30-60 day nonreturns (X^g) » and 60-90
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day nonreturns ( X ^ ) , respectively. From these data it 
would appear that the percent initial width remaining at 
3 hours would not have served to predict the fertility 
of these semen samples.
I. CORRELATION WITH PERCENT INITIAL LENGTH REMAINING AT 
1  HOURS
From row 5 of Table I, it can be seen that a 
significant (P<0.01) correlation for percent initial 
length remaining at 5 hours (X5 ) with percent initial width 
remaining at 5 hours (Xg) was found (r=.477). Thus, those 
cells which retain the highest percentage of their initial 
length at 5 hours also maintained the highest percentage 
of their initial width at 5 hours.
The correlation coefficients for percent initial 
length remaining at 5 hours (X5 ) with initial motility 
(X7), 3-hour motility (Xg) and 5-hour motility (X9) were 
small (r=.096, -.046 and -.049) and nonsignificant. There­
fore, it appears that there is no relationship between the 
percent initial length remaining at 5 hours and any of 
these measures of motility.
There were no significant correlations for percent 
initial length remaining at 5 hours (X5 ) with 30-60 day 
nonreturns (X10) or 60-90 day nonreturns (X^) , (r=.065 
and .046, respectively). These results do not indicate 
that percent initial length remaining at 5 hours after 
incubation would have served as an estimator of the
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fertility of the semen samples used in this trial.
J. CORRECTION WITH PERCENT INITIAL WIDTH REMAINING AFTER 
_5 HOURS OF INCUBATION
No significant correlations were obtained for per­
cent initial width remaining at 5 hours (Xg) and initial 
motility (X7), 3-hour motility (Xg) and 5-hour motility 
(Xg), (r=.217, .127/ and .184, respectively). Therefore, 
it would appear that the percent initial width remaining 
at 5 hours was not associated with motility at either 0,
3, or 5 hours of incubation.
The correlation for percent initial width remaining 
at 5 hours (Xg) with 30-60 day nonreturns (X^q ) and 60-90 
day nonreturns (X-^) were small (r=.032 and -.008, respec­
tively) and nonsignificant. On the basis of this study, 
the percent initial width remaining at 5 hours would not 
serve as an estimator of either of these measures of 
fertility of the semen samples used in this investigation.
K. CORRECTION WITH INITIAL MOTILITY
Row 9 of Table I shows that significant (P<0.01) 
correlations were obtained for initial motility (X^) with 
3-hour motility (Xg) and 5 hour motility (Xg), (r=.707 and 
.572 respectively). Thus, initial motility would serve 
as an indicator of 3 and 5-hour motility values.
The correlations for initial motility (X7 ) with 
30-60 day nonreturns (X10) and 60-90 day nonreturns (X-^),
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(r=-.135 and -.195 respectively) were nonsignificant.. . 
Therefore, it does not appear that initial motility would 
be useful as an estimator for predicting the fertility of 
semen used in this study. These results are in agreement 
with those obtained by Branton £t al̂ . (3) .
L. CORRELATION WITH 3-HOUR MOTILITY
A significant (P<0.01) correlation of r=-.837 
(row 8 , Table I) was obtained for 3-hour motility (Xg) 
with 5-hour motility (Xg). This indicates that 3-hour 
motility accounts for approximately 70 percent of the 
motility at 5 hours.
Nonsignificant correlation (r=-.092 and -.121) 
were obtained for 3-hour motility (Xg) with 30-60 day non­
returns (Xi q ) and 60-90 day nonreturns (Xu), respectively. 
Therefore, it appears that 3-hour motility would not 
serve as an indicator of the fertility of the semen 
samples used in this trial. These findings are not in 
agreement with Pickett et̂  aJL. (14) who reported significant 
correlations (P< 0.01) for motility after 0, 1, and 3 hours 
incubation with fertility.
M. CORRELATION WITH 5-HOUR MOTILITY
Five-hour motility (Xg) was not significantly 
correlated with 30-60 day nonreturns (X^q ) or 60-90 day 
nonreturns (X-ĵ ) , (r=-.119 and -.119, respectively). Thus
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5-hour motility was not associated with these measures of 
fertility for semen samples used in this study. This is 
not in agreement with the work of Roussel and co-workers
(17), who obtained a significant (P< 0.01) correlation of 
r=.505 for fertility with 5-hour fertility. However, this 
study included a large number of semen samples from beef 
bulls. These beef bulls had the lowest 5-hour motility and 
the highest level of fertility, while the dairy bulls had 
the highest 5-hour motility and the lowest level of 
fertility. Since these conditions existed, perhaps no 
correlation should be expected.
N. CORRELATION WITH 30-60 DAY NONRETURNS
There was a high correlation (P<0.01) for 30-60 
day nonreturns (X]_q) with 60-90 day nonreturns (Xu) , 
(r=.935). Prom this, it would appear that the 30-60 day 
nonreturns accounted for something like 88 percent of the 
60-90 day nonreturns. This is not unusual since the samples 
with the highest 30-60 day nonreturns would be expected to 
also have the highest 60-90 day nonreturns.
ANALYSIS II. CHANGES IN HEAD SIZE AND THEIR 
RELATIONSHIP TO DNA LEVELS IN BOVINE 
SPERMATOZOA INCUBATED FOR FIVE HOURS AT 38°C
In this part of the study, head size measurements
and DNA content were determined on 30 semen samples from
15 bulls. Head size parameters used were obtained by
averaging the measurements from four different spermatozoa
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per sample at each time period. The DNA content was 
determined on 5 ml of extended semen from each sample and 
corrected to one billion spermatozoa.
A. ANALYSIS OF VARIANCE
From Table II, it can be seen that the mean for 
initial length of sperm heads was 63.46 (+3.85) mm while 
the mean for 5-hour length was 64.37 (+2.35) mm. There 
was no significant difference between bulls or time period 
for length of sperm heads. Thus, incubation did not change 
the length of the sperm heads.
Means of 32.19 (+.72) mm and 32.10 (+1.18) mm were 
obtained (Table II) for initial width and 5-hour width, 
respectively. No significant between bull or time dif­
ferences were found. This indicates that no change in 
width of sperm heads resulted from incubation for 5 hours 
at 38°C.
The mean initial DNA content of 3.34 (+.31) mg. 
per billion sperm cells (Table II) is in agreement with 
the value of 2.95 (+.17) reported by Summerhill and Olds 
(24). The mean value for DNA content after 5 hours 
incubation was 3.24 (+1.0) mg. per billion cells. There 
was no significant between bull or time differences for 
DNA content. This is in agreement with Salisbury et al.
(18) who reported that significant differences did not 
exist between bulls for initial DNA content.
TABLE II
*












5 hour % 
length*3








01 63.6 32.7 62.4 32.4 98.2 99.1 4.55 4.57 100.4
02 65.0 32.9 66.0 34.2 105.3 103.8 3.60 3.57 98.7
03 62.4 32.0 63.2 31.5 101.2 98.4 3.25 3.31 102.0
04 64.7 32.0 61.8 30.3 95.6 94.9 3.23 3.31 102.3
05 61.7 32.6 67.4 32.3 104.5 99.1 4.20 3.85 90.1
06 65.5 32.0 64.3 32.3 98.2 101.0 4.12 3.64 89.9
07 62.3 32.1 63.3 31.2 101.7 97.1 3.44 3.45 100.9
08 63.5 32.5 63.5 32.4 100.1 99.6 3.71 3.53 95.1
09 62.1 32.7 62.3 32.1 100.3 98.2 3.46 3.24 94.2
10 64.2 32.2 64.6 32.5 100.8 101.0 3.22 3.25 101.5
11 62.6 32.3 65.5 32.7 104.7 100.5 3.34 3.11 92.9
12 65.1 31.7 64.4 32.7 99.2 103.4 3.31 3.14 93.5
continued
TABLE II (continued)












5 hour % 
length*5




5 hour % 
DNAC
5 hour % 
DNA*3
13 63.0 31.7 65.7 31.5 104.3 99.5 2.84 2.35 82.9
14 64.2 32.2 65.0 31.5 101.6 97.7 2.34 2.27 96.7
15 62.3 31.3 66.4 32.4 106.5 103.7 2.16 1.99 92.5
* average of 2 semen samples
a= values are expressed in millemeters
b= values are expressed in percent
c= values are expressed as mg. per billion cells
No significant between bull differences were 
found for percent initial length, width or DNA content 
remaining after incubation for 5 hours at 38°C.
B. CORRELATIONS WITH INITIAL LENGTH OF SPERM HEADS
Nonsignificant correlation coefficients of r=.124 
and .163 (row 1, Table III) were obtained for initial 
length of sperm heads (X^) with initial DNA content (X5 ) 
and 5-hour DNA content (Xg), respectively. Therefore, 
initial length does not appear to be associated with 
either initial or 5-hour DNA content and would not serve 
as an estimator of either value.
C. CORRELATION WITH FIVE-HOUR LENGTH OF SPERM HEADS
Prom row 2, of Table III, it appears that no 
significant correlations exist for 5-hour length (X2 ) with 
initial DNA (X_) or 5-hour DNA (r=-.186 and -.234, respec-D
tively). Thus, the length of sperm heads after 5 hours 
incubation would not be useful in predicting the initial 
or 5-hour DNA content of the sperm cells used in this 
investigation.
D. CORRELATION WITH INITIAL WIDTH OF SPERM HEADS
Nonsignificant correlation coefficients of r=.323 
and .355 were obtained for initial width (X^) with initial 
DNA content (X5) and 5-hour DNA content (Xg), respectively. 
The coefficients did approach significance (P<0.05). This
TABLE III




Initial DNA *5 Five Hour DNA Xg
Initial Length of Sperm Heads (X^) .124 .163
Five Hour Length of Sperm Heads (X2 ) -.186 -.234
Initial Width of Sperm Heads (X3 ) - .323 .355
Five Hour Width of Sperm Heads (X4 ) .014 .003
Degrees of Freedom = 28
indicates that there is little if any relationship between 
initial width and either value of DNA.
E. CORRELATION WITH FIVE-HOUR WIDTH OF SPERM HEADS
The width of sperm heads after 5 hours incubation 
(X4 ) was not significantly correlated with initial DNA 
content (X5 ) and 5-hour DNA content (Xg), (r=.014 and .003, 
respectively). From this it is evident that the width of 
sperm heads after 5 hours incubation was not associated 
with either initial or 5-hour DNA content of bovine 
spermatozoa.
V. SUMMARY AND CONCLUSIONS
In Analysis I, head size measures, motility esti­
mates (before and after incubation at 38°C for 3 and 5-hours) 
and fertility data were obtained on 65 samples of semen. In 
the second phase of the study (Analysis II) head size 
measures and DNA content before and after incubation at 
38°C for 5-hours were determined on 30 semen samples from 
15 bulls.
For Analysis I, the mean for initial length was
63.09 (+2.76) mm, while the means for percent initial 
length remaining at 3 and 5-hours were 99.01 (+6.06) and 
99.91 (+5.61), respectively. The mean for initial width 
was 33.19 (+1.77) mm, and the means for percent initial 
width remaining at 3 and 5-hours were 98.4 (+5.53) and 
98.81 (+5.28), respectively. The means for motility at 
0, 3, and 5 hours incubation were 40.1 (+4.67), 25.1 
(+9.37) and 13.8 (+9.71), respectively.
Analysis II shows that the means for length of 
sperm head after 0 and 5 hours incubation were 63.46 (+3.85) 
mm and 64.37 (+2.35) mm while the means for width after 0 
and 5 hours incubation were 32.19 (+.72) mm and 32.10 
(+1.18) mm, respectively. Means of 3.34 (+.31) and 3.24 
(+1 .0 ) mg. per billion spermatozoa were obtained for 
initial and 5-hour DNA values.
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No significant among bull differences were found 
for initial length, initial width, 5-hour length, 5-hour 
width, percent initial length and width remaining at 5 hours, 
initial DNA, 5-hour DNA or percent initial DNA remaining 
at 5 hours. No among bull or between time differences were 
found for length, width, or DNA content of sperm heads. 
Therefore, it appears that incubation at 38°C for 5 hours 
does not change the length, width or DNA content of sperm 
heads, and that these values were fairly constant among 
bulls.
In Analysis I, all correlations between the 
various size measures were significant ( p < 0 .0 1 ) or 
(P <0.05). These were expected since size measures at 
various times should be correlated. The correlation of 
initial length and width with percent length and width 
remaining at 3 and 5 hours was expected to be negative 
since the initial measurement appears in the denominator 
of the 3 and 5 hour percent measurements. The only 
significant ( p < 0 .0 1 ) correlation between head size and 
motility was for initial width with 5-hour motility 
(r=-0.333) .
The correlation coefficients for the various 
head size values with fertility were small and nonsignificant. 
Thus, it is evident that the head size parameters investi­
gated would not be useful in predicting the fertility of 
the samples studied.
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Although significant correlation (P< 0.01) existed 
between the estimates of motility at all three time periods, 
no significant correlations were found for 0, 3, and 5-hour 
motility with fertility. However, this trial included 
several beef bulls which had the lowest average motility 
and the highest average fertility. Therefore, perhaps no 
correlation should be expected.
A significant (P<0.01) correlation (r=-.935) was 
found for 30-60 day nonreturns with 60-90 day nonreturns. 
This was expected on the basis of previous research.
From Analysis II, it is evident that significant 
correlations did not exist between the various measures 
of head size and DNA content before or after incubation 
at 38°c for 5-hours. Therefore, head size measures could 
not be used to predict the fertility of the semen samples 
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APPENDIX
APPENDIX TABLE I







Bull 14 43.61 3.115 .703
Error 15 66.39 4.426
APPENDIX TABLE II







Bull 14 6.132 .438 .819
Error 15 8.015 .534
APPENDIX TABLE III







Bull 14 75.809 5.414 1.050
Error 15 73.069 5.205
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APPENDIX TABLE IV







Bull -- 14 21.559 1.540 1.174
Error 15 19.660 1.311
APPENDIX TABLE V
ANALYSIS OF VARIANCE FOR PERCENT INITIAL LENGTH AT FIVE HOURS
Sums Mean
Component D.F. of Squares Square F
Total 29 696.887
Bull . 14 265.447 18.960 .658
Error 15 431.439 28.763
APPENDIX TABLE VI







Bull 14 178.178 12.727 .656
Error 15 290.989 19.399
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APPENDIX TABLE VII







Bull 14 11.397 .814







Component D.F of Squares Square F
Total 29 29.590
Bull 14 11.738 .838 .746
Error 15 16.492 1.099
APPENDIX TABLE IX







Bull 14 857.137 61.224 1.187
Error 15 773.350 51.557
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APPENDIX TABLE X







Bull 14 50.583 3.613 .760
Time 1 12.513 12.513 2.597
Bull X Time 14 68.838 4.917 1.021
Error 30 144.470 4.817
APPENDIX TABLE XI 
ANALYSIS OF VARIANCE FOR WIDTH
Sums Mean
Component D.F. of Squares Square F
Total 59 55.469
Bull 14 18.657 1.332 1.444
Time 1 .104 .104 .113
Bull X Time 14 9.033 .645 .699
Error 30 27.675 .922
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APPENDIX TABLE XII







Bull 14 22.661 1.618 1.507
Time 1 .311 .311 .091
Bull X Time 14 .475 .034 .030
Error 30 34.344 1.145
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